A simple procedure, based on the rapid filtration and washing of Frankia vesicle clusters, was devised for the isolation of Frankia strains from alder actinorhizal root nodules. Of 46 Alnus incana subsp. rugosa nodules prepared, 42 yielded isolates. A simple medium containing mineral salts, Casamino Acids, and sodium pyruvate proved to be the most effective for isolation. In general, colonies appeared 6 to 20 days after inoculation. On the basis of hyphal morphology, two distinct types of Frankia strains were characterized. Randomly selected isolates were tested for infectivity, and all formed root nodules on A. glutinosa. Because of its simplicity and efficiency, the procedure is an improved method for the study of Frankia diversity in alder root nodules.
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Nitrogen-fixing actinorhizal root nodules are formed on nonleguminous plants by Frankia actinomycetes. The plants involved are important pioneer species in nitrogen-poor soil or disturbed environments (13) . As such, they may be useful in biomass production, land reclamation, or forest restoration (12, 14) . Studies of the diversity and distribution of Frankia strains have been hampered by the uncertainty of isolation from field-collected root nodules. A number of techniques have been employed for obtaining Frankia strains from nodules. These include treatment of nodule tissue with cellulase and pectinase plus microdissection (6) , microdissection alone (3) , serial dilution of a crushed nodule (7, 11) , and Sephadex fractionation combined with sucrose density centrifugation (1, 2) . Most of the procedures that have been described require laborious manipulation or special equipment. An additional disadvantage is the relatively low success rate for all of the methods.
Successful isolation procedures generally must accomplish the following: (i) toxic phenolic compounds must be removed from the nodule homogenate, (ii) the endophyte should be separated from contaminating microorganisms, and (iii) the endophyte should be separated from contaminating plant tissue. To add to the difficulty, Frankia strains appear to vary in their nutritional requirements, although few studies of utilizable carbon sources have been reported (4) .
In this report, a simple procedure is described that has been used routinely to RESULTS Acetylene reduction activity. Except for two, all nodules collected during the growing season showed substantial acetylene reduction activity ( Table 1 ). The two that showed no nitrogenase activity were nodules from which strains Ail4-1, Ail4-2, and Ail5-1 were isolated. The range of activity varied widely: between 0 and 22 ,umol of C2H2 reduced h-1 g of nodule-1 (Table 1 ).
In the fall and winter, after the growing season, acetylene reduction assays of randomly selected nodules were performed, and no activity was detected.
Efficacy of isolation procedure. The filtration device ( Fig. 1) was easily assembled and stable to autoclaving and could be reused several times. Using the apparatus had a number of advantages: (i) washed vesicle cluster suspensions were obtained in 1 to 2 min, (ii) washing removed the bright-orange oxidized plant phenolic compounds as well as large and small particles of plant tissue, and (iii) washing removed contaminating bacteria and fungi small enough to pass through the 20-p.m screen. In general, contaminants appeared at an approxi- Morphology of Frankia isolates. The Frankia strains obtained were all filamentous actinomycetes with a hyphal diameter that varied between 0.4 and 1.0 ,um. They could be separated into two morphological types. Type 1 (Fig. 3a) was characterized by very sinuate hyphae with extensive branching. The following strains had type 1 morphology: Ai2-1, Ai2-2, Ai3-1, Ai4, Aill, Aill-1, Ail2, Ail2-2, Ail2-3, Ail3-2, Ail3-3, Ail4-1, Ail4-2, Ail6-1, Ail6-3, Ail8-1, Ail8-2, Ai2O-3, Ai21-1, Ai22-2, Ai24, Ai25-2, Ai26-2, Ai29-2, Ai31-1, Ai3l-2, Ai37-1, Ai37-2, Ai38-1, Ai39-1, Ai40-1, Ai42-2, Ai43-2, Ai45-1, Ai45-3, Ai46-1, Ai48-1, Ai48-2, AiS0-2, AiS7-2, Ai58-2, and Ai62-1. Type 2 was characterized by smooth hyphae that rarely branched and were slightly sinuate (Fig. 3b) . The following strains had type 2 morphology: Ail7, Ail7-1, Ai2O-4, Ai2l, Ai22, Ai23-2, and Ai28-1. Organisms of types 1 and 2 produced sporangia that consisted of packets of spores in a terminal or intercalary position in the hyphae (Fig. 3c) duced nodules on A. glutinosa. Acetylene reduction assays were not done. However, at 2 months after infection, the nodulated plants grown in nitrogen-free nutrient solution were obviously green and well developed, whereas the uninoculated controls had died. DISCUSSION A rapid and convenient method for obtaining Frankia isolates from A. incana subsp. rugosa actinorhizal root nodules was developed. Previously described methods for other plant species involve lengthy preparation procedures (see above). The filtration method is rapid and requires only simple equipment. One worker can easily prepare and inoculate Frankia suspensions from 20 nodules in 1 day.
Other advantages to this method include the following: (i) the rapid washing of vesicle clusters to free them from plant phenolic compounds, (ii) the removal of contaminating microorganisms small enough to pass through a 20-,um filter, and (iii) the removal of the majority of plant material. The technique relies on the fact that the vesicle clusters are actually masses of actinomycete hyphae derived from individual cells of infected plants. The Of particular interest is the observation that isolates could be obtained from root nodules collected from frozen ground. To my knowledge, this is the first report of isolation of Frankia strains from dormant root nodules. Endophytes therefore remain viable within nodules over the winter, and reinfection is probably not necessary.
The Frankia isolates were of at least two morphological types. Type 1 organisms accounted for 84% of the successful isolations, and type 2 organisms accounted for 19%. Organisms of both morphological types were obtained within an area of several centimeters, indicating that there may be considerable Frankia diversity in an environment. Whether Frankia morphological similarity indicates genetic similarity is not known at present. Further studies on the diversity and distribution of Frankia isolates should be possible if the isolation techniques described here are used.
The development of a rapid and reliable Frankia isolation procedure is an important development in the study of actinorhizal plants. The procedure can be extended to other plant species, and my co-workers and I have used it successfully to obtain hyphal outgrowth from vesicle clusters derived from the root nodules of Comptonia peregrina, Myrica gale, and Myrica pensylvanica (data not shown), although the conditions for these types of nodules have not been optimized. For other plant species, it is possible that alternate carbon sources or growth factors may be required.
